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PURPOSE: To obtain a stable composite metal 
membrane having hydrogen permeability and 
hydrogen selectivity for separating hydrogen from 
other gases. 

CONSTITUTION: This composite metal membrane 
10 is provided with a hydrogen permeable non- 
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porous base metallic layer 1 1 and hydrogen 
permeable non-porous coated metallic layers 13 and 
13', which are separated from the non-porous base 
metallic layer 11 with hydrogen permeable 
intermediate layers 12 and 12' and each of the 
intermediate layer is not a pure metal or a metal alloy 
and is one free from forming a thermodynamically 
hydrogen non-permeable layer at 400-1, 000°C by the 
reaction with hydrogen, the base metal or the coated metal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the compound metal membrane for hydrogen separation which is equipped with the 
hydrogen-permeability nonporous base metal layer and the hydrogen-permeability nonporous 
covering metal layer which are separated by the hydrogen-permeability middle class in the 
compound metal membrane for hydrogen separation, and said middle class is not a pure metal or a 
metal alloy, and is characterized by to be what does not form the stable layer of hydrogen 
impermeability thermodynamically by the reaction with hydrogen, the reaction with said base metal, 
or the reaction with said covering metal in the temperature of 400-1000 degrees C. 
[Claim 2] said base metal — the [ of a hydrogen permeability lanthanide; periodic table ] — the [ IB 
group and ] - the [ an III B group and ] — the [ an IVB group and ] — the [ VB group and ] — the [ a 
VII B group and ] — the compound metal membrane according to claim 1 characterized by being the 
metal chosen from the group which consists of a hydrogen permeability alloy which contains 
hydrogen permeability transition-metals [ from a VIHB group ];, and said metal 20% of the weight 
or more. 

[Claim 3] Said covering metal is a compound metal membrane according to claim 1 characterized by 
a physical target being [ in / said covering metal is a metal chosen from the group which consists of a 
hydrogen permeability alloy of hydrogen permeability transition metals and this metal, and / the 
temperature of 400 degrees C or more ] chemically stable. 

[Claim 4] said covering metal — essential — the [ of a periodic table ] — the [ a VII B group and ] — 
the compound metal membrane according to claim 3 characterized by being the transition metals 
from a VIIIB group, and the metal chosen from the group which consists of an alloy which contains 
said metal 20% of the weight or more. 

[Claim 5] Said covering metal is a compound metal membrane according to claim 4 characterized by 
being the metal essentially chosen from the group which consists of Fe, Mn, nickel, Pd, Pt, and Ru. 
[Claim 6] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being microporosity. 

[Claim 7] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being an aluminum oxide. 

[Claim 8] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being a lanthanum trioxide. 

[Claim 9] Said middle class is a compound metal membrane according to claim 1 characterized by 
being molybdenum oxide. 

[Claim 10] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being silicon oxide. 

[Claim 1 1] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being tungstic oxide. 

[Claim 12] Said interlayer is a compound metal membrane according to claim 1 characterized by 
being yttrium oxide. 

[Claim 13] Said middle class is a compound metal membrane according to claim 1 characterized by 
being sulfUration vanadium. 

[Claim 14] It is the compound metal membrane according to claim 1 which said base metal is 
vanadium, and the; aforementioned covering metal is a metal chosen from the group which consists 
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of palladium, platinum, and its alloy, and is characterized by the; aforementioned interlayer being a 
porosity aluminum oxide. 

[Claim 15] It is the compound metal membrane according to claim 1 which said base metal is 
vanadium and is characterized by said covering metal being an alloy containing 20 % of the weight 
of nickel, and 80 % of the weight of copper. 

[Claim 16] It is the compound metal membrane according to claim 1 which said base metal is 
vanadium and is characterized by said covering metal being palladium. 

[Claim 17] It is the compound metal membrane according to claim 1 which said base metal is 
vanadium and is characterized by said covering metal being nickel. 

[Claim 18] It is the compound metal membrane according to claim 1 which said base metal is 
vanadium and is characterized by said covering metal being platinum. 

[Claim 19] The hydrogen separation approach characterized by to separate the hydrogen which hit 
separating hydrogen from other gases, contact a hydrogen content supply gas style and the 
compound metal membrane for hydrogen separation according to claim 1 to the bottom of the 
condition which made the hydrogen partial pressure by the side of supply of said compound metal 
membrane higher than the hydrogen partial pressure by the side of transparency of said compound 
metal membrane, and said compound metal membrane is made to penetrate hydrogen alternatively, 
and penetrates said compound metal membrane. 

[Claim 20] The approach according to claim 19 characterized by said temperature being 400 degrees 
C or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of separating hydrogen from other 

gases using the compound metal membrane for hydrogen separation, and this film. 

[0002] 

[Description of the Prior Art] The hydrogen permeable film is better known than before, and it is 
usually classified into three kinds of a poly membrane, the inorganic (nonmetal porosity or 
nonporosity) film, and precise metal membrane (nonporosity). A poly membrane has a limitation in 
the selectivity over hydrogen as compared with other gas, and it has the fault that a limitation is in 
the resistance over the reactant chemical which has existed in the resistance over an elevated 
temperature, and typical distributed gas further. 

[0003] For example, the hydrogen permeable film of the porosity which consists of an aluminum 
oxide, silicon oxide, titanium oxide, a magnesium oxide, chrome oxide, tin oxide, and an inorganic 
molecule like various zeolites is studied. As an example, there are some which are indicated by 
"Hsief, 33 Catal.Rev.Sci.Eng.l (1991)." Although this film shows very high hydrogen permeability, 
these have the fault of presenting hydrogen selectivity very low for the property of porosity. It is also 
known that a nonporous inorganic oxide has permeability to the hydrogen of an ion gestalt. U.S. Pat. 
No. 5,094,927 — the [ of silicon oxide and a periodic table ] — the [ the oxide of an IVB group, VB 
group, a VIB group, and a VHI group, and / of a periodic table ] — an HA group and ** An IIIB 
group's fluoride is used as the base and the ingredient (a solid-state proton conductor is called) which 
has permeability to a hydrogen ion is indicated. Furthermore, the diffusion coefficient to which a 
hydrogen ion penetrates the oxide of molybdenum and a tungsten is reported by "JCS Faraday 
Trans.I.730 M (1 976) of Sermon and others. 

[0004] This solid-state proton conductor is used by installing these between the cathode in a fuel 
cell, and an anode, and, thereby, transportation of the net of hydrogen is performed between a 
cathode and an anode. However, this solid-state proton conductor is usually weak, and permeability 
over hydrogen is comparatively low, and, generally he does not have a report about the use as a 
hydrogen demarcation membrane. As an exception, there is nonporous silicon oxide film and it is 
reported for this film to be able to make hydrogen penetrate through silicon oxide according to the 
activation surface-transport mechanism along a grain boundary. Gavalas ** — refer to "44 
Chem.Eng.Sci.1829" (1989). Although this precise silicon oxide film has very high selectivity [ as 
opposed to hydrogen as compared with nitrogen ], its reactivity with the steam in an elevated 
temperature is too weak and high, and the application is restricted further. 

[0005] The precise metal membrane (nonporosity) which has alternative permeability to hydrogen is 
also well-known, the [ both whose United States patents are / for example, / like / are indicated by 
United States patent 4,388,479th and No. 3,393,098, and / for example, the palladium alloy catalyst 
film ] - the [ a VIIB group and ] — a VIII group's alloy film is indicated. This metal membrane has 
nearly perfect selectivity to hydrogen as compared with other gases, can operate it at an elevated 
temperature (to about 1000 degrees C), is the point of having chemical resistance to the gas in a 
feed-materials style, and is superior to a poly membrane and the inorganic (nonmetal) film. 
However, since palladium is very expensive, efforts that a hydrogen permeability compound metal 
membrane will be manufactured are performed by covering some base metals of a cheap transition- 
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metals alloy with palladium or a palladium alloy. For example, refer to U S. Pat No. 4,468 235 and 
No 2 I 350 846 The palladium of a little chisel is comparatively used for the palladium or the 
Sia^ alloy wS covers this base metal top, chemical resistance is given to a base metid by 
Ss a^in a certain case, the rate of adsorption of the hydrogen to a metal membrane front-face top 
SeSes However, this covering metal membrane has the inclination which a covering metal 
SsTin a b^se metal under a hot service condition, and has me fault . of the proper ^that die 
hXoeen permeability and chemical resistance which are acquired by this compound metal 
menS fbytowiU disappear. The nonporous hydrogen permeability compound metal membrane 
SlnS t US Pat. No PP 4,496,373, and there is a problem of the diffusion between ^metels about 
me base metal alloy of the specific presentation covered with the palladium alloy of a specific 
SesStionln 1 afthis compound metal membrane. However, it is convenient, although the 
SesenStion of a palladium alloy plate and a base metal alloy is limited to the narrow range and 
SS " d stributed not into a base metal alloy but into a covering metal. Therefore m case tins 
research^hooses the metal used for it not being general current, needing the severe control about an 
allov presentation, and manufacturing the film, fluctuation is hardly allowed 

mooefni order to make easy diffusion association of the hydrogen permeability metal membrane to 
a metalTubstrate preparing an intermediate reaction layer is known. For example^ the method of 
SliTS component used for the hydrogen eliminator based ™<^™***^ 
wdding the film of palladium or a palladium alloy to the metal substrate which is not limited to the 
Russia counlry patent No. 1,058,587 is indicated. Especially for the above-mentioned Russia country 
Sent No^%8,587 Saturate a hydrogen permeability covering metal with an elevated empemtoe 
first and subsequently the so-called hydrogen load (so-hydrogen-loaded) covering metal is cooled. 
I mlSs to the whole area between the base metals and covering metals a base meta and whose 

put as "a reactant gasket", high pressure (2000-2500psi) and an elevated [temperature (650-700 
degrees C) are made overly to act on the complex of a metallic oxide subsequently generated, and 
"diffusion Welding" is attained between a covering metal and a base support me al Diffusion 
we S is the result of a metallic-oxide "reactant gasket" interlayer being completely returned to a 
pure X by the hydrogen by which desorption was carried out from the hydrogen load covering 
S TSowever, (1) Whethe/the film of palladium or a palladium alloy has adhered only to the edge 
S " f a metal substrate through diffusion joint welding and (2) The point whether the fihn of 
palladium or a palladium alloy has covered completely the front face of a mefcd substrate and 
diffusion joint welding is unknown. In the case of the 1st, a membranous weld zone does not need 
inZZ ^ability. It is only required for this that hydrogen should penetrate the non-weld of the 
fiCf pafladium or a palladium alloy, the hydrogen permeability part of the film of a parentis is 
no^a compound metal membrane, but it is because it is only the film of palladium or a palladium 
alloy rather. It is becoming so expensive that it being necessary to make the fault in this case into 
sufficient thickness to make the film of palladium or a palladium alloy into independence natoe 
merefore the film not being received. In the case of the 2nd, the bipolar membrane obtamed has the 
mterlayer of a metal or a metal alloy, and this film follows the fall of the total hydrogen permeability 

Imi^e ^^u^oft^sinvention is to offer the approach of solving the above and other faults of 
me conventional hydrogen permeability compound metal membrane and separating hy<frogen from 
other gases using the outstanding compound metal membrane for hydrogen separation, and this film. 
[0008] This invention relates to the approach of dividing hydrogen into other gas and selection 
targets using a hydrogen permeability and compound metal membrane stable at hydrogen 
Si% ind this film. The essential structure of the above-mentioned film consists of a nonporous 
hvdrogen permeability base metal and the nonporous hydrogen permeability covering metal 
separata by Ae hydrogen permeability interlayer, however it is a pure metal or not a metel ^alloy but 
Sd operating ; tem P era?ure, and it is thermodynamically stable in the semantics which does not 
react with hydrogen under existence of hydrogen, or reacts with a base metal or a covering metal, 
and does not form a hydrogen impermeable layer. [ of the interlayer ] Such bipolar ^mbrane 
prevents most mutual metal diffusion between a base layer and a covering metal by the op^Ung 
condition, a base metal makes it possible to hold the hydrogen permeability, and a high flow rate and 
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a membranous long life are acquired with two properties. 

[0009] All bipolar membrane and the configuration layer of those can penetrate hydrogen gas 
alternatively. Like before The feed gas by which the main description contains hydrogen and other 
gas, for example, nitrogen, a carbon monoxide, a hydrogen sulfide, a steam, ammonia or methane, 
ethane, a propane, or a hydrocarbon like an olefin is set to a membranous transparency side. It can 
use for separating hydrogen with other gas with the conventional method which consists of 
collecting the hydrogen which was generally 400 degrees C or more in temperature, and is related 
with a hydrogen partial pressure, was contacted with the high hydrogen partial pressure by the side 
of membranous feed, was made to penetrate hydrogen alternatively through bipolar membrane, and 
was penetrated. Since the film penetrates hydrogen alternatively at <400 degree C temperature (0 
degree C - 50 degrees C), for example, ambient temperature, it is used for the film separating 
hydrogen also at low temperature, such as this, and since membranous hydrogen permeability falls at 
low temperature, only an economical limit is received. Moreover, it is not necessary to collect 
transparency hydrogen, and it can be burned, and can be used as water or can be removed from a 
membranous transparency side using eradication gas. Moreover, bipolar membrane is useful also to a 
hydrogen separation method which is indicated by U.S. Pat. No. 5217506. The hydrogen selectivity 
of bipolar membrane is remarkable, and it is 500 degrees C, and is a transparency side, and the flow 
rate (flux) of >=0.001m3 / m2, and hr shows the selectivity of >=100 with the partial pressure of the 
hydrogen in ambient pressure at 100psig(s) (7.03kg/cm2 gage). 

[0010] The bipolar membrane of this invention is especially stable under hot conditions. When being 
exposed to a transparency side with >=500 degree C and an ambient temperature at the hydrogen 
feeder current of 100psig(s) (7.03kg/cm2 gage), it covers at 700 degrees C for 100 hours, and 
especially bipolar membrane covers the consecutive operation time amount by 1500 hours at 500 
degrees C, and holds >=20% of the first flow rate. As shown here, this stability can be directly 
returned to existence of an interlayer. the base metal of the metal membrane of this invention — the 
[ periodic table ] - it is chosen out of the hydrogen permeability alloy which contains hydrogen 
permeability transition-metals; hydrogen permeability lanthanide metal [ of IB, IIIB, IVB, VB, VIIB, 
and a VIIB group ];, and the above-mentioned metal >= 20% of the weight, and can consider as the 
thickness of 10-250 microns. 

[001 1] Covering metals are stable hydrogen permeability transition metals chemically and physically 
at the temperature of at least 400 degrees C, and are **********. Preferably [ choosing out of the 
transition metals of VIIB and a VIIIB group ], and most preferably, it is the hydrogen permeability 
alloy which contains Fe, Mn, nickel, Pd, Pt, Ru, and the above-mentioned metal >= 20% of the 
weight, and it is desirable that it is the thickness of 0.01-25 microns. 

[0012] Since hydrogen must be easily diffuse through each class of the film including an interlayer, 
an interlayer's important description be form from the matter which do not form the matter stable on 
a thermodynamics target, the compound, or mixture of hydrogen impermeability by react with either 
a base metal or a covering metal at the temperature of the range of about 400 degrees C - about 1000 
degrees C. The "thermodynamically stable" matter, a compound, or mixture means the matter, the 
compound, or mixture which is smallness in about lOkcal/mol here in the temperature the free 
energy of formation, such as it, generally starts. "Hydrogen impermeability" means the matter, the 
compound, or mixture to which the hydrogen of a compound metal membrane or the permeability of 
a hydrogen ion is made to fall remarkably to hydrogen before forming hydrogen opaque medium, a 
compound, or mixture, or hydrogen ion permeability here, after being formed in a compound metal 
membrane. Here, although the hydrogen or the hydrogen ion permeability of bipolar membrane are 
the hydrogen pressure force of 100psig(s) (7.03kg/cm2 gage), and about 400 degrees C or more as 
the rate of hydrogen permeation carries out "falling remarkably", it means there being more first 
values after about 100-hour actuation than 80%, and falling at temperature lower than about 1000 
degrees C. Especially the middle class is based on hydrogen under an operating condition 
(temperature of the range of 400-1000 degrees C), or is thermodynamically stable to reduction of the 
oxide by either of the base metals or a sulfide. 

[0013] In case the matter suitable for using as an interlayer is selected, it is important to take into 
consideration the susceptibility of the base metal for forming an interlayer and a hydrogen 
impermeable layer. For example, ** of the periodic table The hydrogen permeability transition 
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metals from IIIB, IVB, and VB group are ** of the periodic table. Reactivity is size more remarkably 
than the hydrogen permeability transition metals of VHB and a VTQ group. Therefore, when 
selecting a base metal from the former group, as for a typical interlayer, it is desirable that it is the 
oxide of aluminum and silicon. However, it is ** about a base metal. In selecting from VHB and a 
VTQ group The typical middle class A lanthanide metal, a scandium, an yttrium, aluminum, All the 
oxide of silicon, boron, molybdenum, a tungsten, vanadium, a hafnium, and niobium, the carbide of 
sulfide; silicon, and a nitride; Titanium, The carbide of niobium, vanadium, a tantalum, a hafnium, 
and a zirconium, a nitride, silicide; SUKAUJIUMU, and the fluoride; zeolite of an yttrium; it is 
desirable to select from the wide range class containing graphite; and a diamond. 
[0014] The middle class is good to consider as the thickness of 0. 1-300 microns, it applies him as a 
continuation layer between a covering metal and a base metal, and he is useful to decreasing 
remarkably in it not only preventing contact between a base metal and a covering metal, but all 
elements other than hydrogen carrying out counter diffusion between a base metal and a covering 
metal. An interlayer can be taken as nonporosity or porosity, when satisfying conditions besides the 
above. When an interlayer is porosity, an average aperture is equal to the thickness of a covering 
metal layer, or what is smaller than thickness is desirable. 

[0015] The suitable example of the five-layer compound metal membrane 10 equipped with the two- 
layer covering metal layer 13 and 13 ! is shown in drawing 1 at the base metal layer 1 1, the two-layer 
microporosity interlayer 12, and 12' list, an interlayer and a covering metal layer — respectively » 
two-layer - although 13 and 13* shows to 12 and 12 1 list, the compound metal membrane of the 
essential three-tiered structure of this invention equipped with each monolayer 12 and 13 is also a 
useful example. Moreover, the covering metal layer 13 and 13' can also consist of 2 or a three or 
more-layer layer. 

[0016] Manufacture of the compound metal membrane of this invention (1) The laminated layers 
method using high temperature and a high pressure, for example, equilibrium heat pressurization,; 
(2) roll clad; (3) heat evaporation; (4) chemistry - or plasma-vacuum evaporationo; it reaches. It can 
attain by various approaches including (5) anodic oxidation, other chemical oxidation styles, or an 
electrolytic oxidation method. Drawing 2 shows manufacture by temperature / pressure laminated 
layers method in a graph. The compound metal membrane shown in drawing 1 in front of a 
laminating is decomposed into drawing 2 , a sectional view shows, and the same number shows the 
same component among drawing. 15' It reaches stainless steel press plate 15, and is shown in 
drawing 2 at the graphite gasket 14 and 14' list. The graphite gasket 14 and 14 f close that a 
laminating media is put to air, and protect it to oxidation. As for the middle class, it is desirable by 
depositing an inorganic oxide or a sulfide layer on a base metal first to cover a base metal 
chemically. In the case of oxide, a base metal is the precursor 4 (or the amount of catalysts and Si4 
(OMe) of a dark hydrochloric acid) to oxide, for example, SiCl, and WC16. Or MoC15 Or the 
solution of the alkoxide of aluminum, La, or Y is covered with spraying, spinning, or immersion, 
subsequently it hydrolyzes, and an oxide layer is formed. Or it is aluminum 203 again. A layer can 
form anodic oxidation or aluminum by oxidizing chemically or in electrolysis, the case of metallic 
sulfide - a base metal — a pressure and temperature only high in sulfide gas, for example, a 
hydrogen sulfide, - a short time — for example, what is necessary is to just be exposed for 5 - 15 
minutes Or they are the precursor 6 to a sulfide, for example, WC1, and MoC15 about a base metal 
again. Or VC13 What is necessary is to cover a solution with spraying, spinning, or immersion, to 
make it react with a hydrogen sulfide by it subsequently, and just to form a sulfide layer. In addition, 
other approaches of putting oxide or a sulfide layer are approaches by the plasma deposition or 
vacuum evaporationo to a base metal of desired oxide or a sulfide. 
[0017] 

[Example] Hereafter, an example explains this invention. 

It has an example 1 vanadium base metal layer, and they are the both sides Si02 Five-layer 
nickel/Si02 / V/Si02 / nickel compound metal membrane which covers with a layer and comes to 
cover both SiO(s) two-layer with a nickel layer further were manufactured using the following 
procedures. The good mechanical property was given to bipolar membrane, using the vanadium disk 
whose diameter is 5cm and whose thickness is 152micro as a base metal layer. Chemical inertness 
was given to bipolar membrane, using the nickel foil whose thickness is 25micro as covering 
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material. 

[0018] It is in charge of manufacturing a compound metal membrane, and is SiC14. By immersing a 
vanadium disk in 1M solution which dissolved in the methylene chloride at a room temperature, it is 
Si02. The dipcoat of the thin layer was carried out to the both sides of a vanadium disk. It is SiC14 
as a methylene chloride solvent evaporates. Si02 whose thickness it hydrolyzes quickly under 
existence of the moisture in atmospheric air, and is about 25micro The film formed. Si02 Good 
adhesion was observed between a layer and vanadium. Next, it is Si02 as shown in drawing 2 . The 
laminating of the vanadium disk and nickel foil which were covered was carried out under the 
pressure of 20000pound (9,072kg) at 700 degrees C for 4 hours, and bipolar membrane was 
manufactured. Thus, the manufactured bipolar membrane was flexibility, and when it was made to 
curve, it did not show the signs of delaminate. 

[0019] The average hydrogen flow rate which passes along bipolar membrane was measured in 700 
degrees C using the hydrogen gas supply style of 99.999% of purity of lOOpsig (780kPa). 
(Transparency hydrogen was ambient pressure.) It is mediation Si02 on the vanadium disk of the 
same thickness about the nickel foil of the thickness same for a comparison. The average hydrogen 
flow rate which passes along three layer membranes of the contrast manufactured by carrying out a 
direct laminating was measured under the same conditions, without using a layer. The result of the 
average hydrogen flow rate (m3 / m2, and time amount) about the initial flow rate after 50-hour 
actuation is shown in the following table 1. 
[0020] 

Table 1] 



m 


m m. 








mm 




% 


5 -m 


0.9 


0,6 


67 


3 -m 


0.15 


0. 006 


4 



[0021] The layer (namely, layer which has the lowest hydrogen permeability) which shows the 
maximum resistance to hydrogen permeability about this five-layer bipolar membrane was a thin 
nickel coat (the marginal hydrogen flow rates which pass along the nickel film whose diameter is 
5cm, and whose thickness is 25micro were 0.9m3 / m2, and time amount). Since the actual 
measurement of the hydrogen permeation rate which passes along bipolar membrane was not able to 
exceed the transmission rate which passes along the layer of each chemically different film, the 
nickel coat of nickel/Si02 / V/Si02 / nickel film restricted the whole hydrogen flow rate. 
[0022] As this example shows, he is Nakama Si02. The five-layer compound metal membrane 
which has a layer is Nakama Si02. A flow rate higher than the three-layer contrast film which does 
not have the layer, and a long life (67% of the initial flow rate was held) are shown, and this is Si02. 
An interlayer shows that it is effective for preventing too much fall of a hydrogen flow rate. 
[0023] 27 layer nickel/Cu/Si02 of examples / V/Si02 / Cu/nickel compound metal membrane was 
manufactured as follows. The vanadium disk whose diameter is 5cm and whose thickness is 
152micro was used as a base metal layer. Chemical inertness was given to bipolar membrane, using 
the two-layer nickel/Cu foil (it manufactured by carrying out the laminating of nickel foil and 
25micro Cu foil which are 6micro) whose thickness is 31 micro as covering material. Thin 
(<=25micro) Si02 between a vanadium disk and a nickel/Cu coat It is Si (OMe)4 to the methanol 
containing dark HC1 of the amount of catalysts, using a layer as an interlayer. This interlayer was 
deposited by carrying out rotation spreading of the 1M dissolved solution at a vanadium disk. Si02 
The laminating of the vanadium disk and nickel/Cu foil which were covered is carried out almost 
like an example 1, and it is the Cu side Si02 It was made to face a layer. 
[0024] Thus, the average hydrogen flow rate which passes along the manufactured bipolar 
membrane was measured by the same approach as an example 1 . It is mediation Si02 on the 
vanadium disk of the same thickness about the nickel/Cu foil of the thickness same for a comparison. 
The average hydrogen flow rate which passes along five layer membranes of the contrast 
manufactured by carrying out a direct laminating was measured under the same conditions, without 
using a layer. The result after 72-hour actuation is shown in the following table 2. 
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[0025] 
Table 2] 
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[0026] It is Si02 between Cu and V so that clearly. The seven-layer bipolar membrane which has an 
interlayer is middle Si02. The flow rate higher than the five-layer contrast film which does not have 
the layer, and the stable hydrogen flow rate were shown. 

[0027] 35 layer nickel of examples / sulfuration V/V / sulfuration V/nickel compound metal 
membrane was manufactured as follows, nickel foil whose thickness is 6micro on the other hand was 
used as covering material, using the vanadium disk whose diameter is 5cm and whose thickness is 
152micro as a base metal. This middle class was formed in the both sides of a vanadium disk by 
exposing a vanadium disk to H2 S of 30psig(s) (234kPa) for 10 minutes at 700 degrees C, using a 
sulfuration vanadium thin layer as the middle class. Adhesion good between a sulfuration vanadium 
layer and a vanadium disk was observed. Next, the laminating of the vanadium disk and nickel foil 
which were covered with sulfuration vanadium was carried out under the pressure of 20000pound 
(9072kg) at 700 degrees C for 4 hours. 

[0028] The average hydrogen flow rate which passes along this bipolar membrane was measured by 
the same approach as an example 1, and it compared with the average hydrogen flow rate which 
passes along three layer membranes of the contrast manufactured by carrying out the direct 
laminating of the nickel foil of the same thickness, without using a mediation sulfuration vanadium 
layer under the same conditions on the vanadium disk of the same thickness. The result after 50-hour 
actuation is shown in the following table 3. 
[0029] 

Table 3] 



m 


m a 


% s 










% 


5-Ji 


0.062 


0. 046 


74 


3 -® 


0.14 


0. 004 


3 



[0030] Although the five-layer bipolar membrane which has a sulfuration vanadium interlayer 
showed the comparatively low hydrogen flow rate first, 50 hours after, it showed the larger hydrogen 
flow rate of the corresponding three-layer nickel/V/nickel contrast film which does not have the 
interlayer than 10 times, so that clearly. (For the flow rate which passes along the five-layer bipolar 
membrane of this example, a sulfuration vanadium interlayer's hydrogen permeability is Si02. Since 
it was lower than a layer, it was lower than the thing of an example 1) 

[0031] 45 layer Pd/Si02 of examples / V/Si02 / Pd compound metal membrane was manufactured 
as follows. Palladium foil with a thickness of 25 micrometers was used as quality of a coating, using 
a vanadium disk with a diameter [ of 5cm ], and a thickness of 30 micrometers as a base metal. Si02 
The thin layer was used as an interlayer. Si02 A layer to each 1st page of two diameter the test 
pieces of 5cm of Pd thin film It is HC1 of the amount of catalysts on the front face of Pd first. The 
thin film of the included methanol is prepared. Next, it is Si (OMe)4 until each Pd front face is 
covered completely, before evaporating a methanol/HCl. Si4 by the reaction with; atmospheric-air 
moisture made to deposit by being dropped (OMe) It is thin (<=25micrometer) Si02 by hydrolysis. 
The layer was obtained. Si02 They are two test pieces of a covering Pd foil Si02 It has arranged on 
both sides of the vanadium disk under a layer. Next, all assemblies have been directly arranged on a 
radiographic examination eel, into the radiographic examination, the gas supply pressure of lOOpsig 
(s) (780kPa) was used, the laminating was carried out at 700 degrees C, and laminated material was 
obtained. The average hydrogen flow rate which passes along bipolar membrane was made into the 
bottom of the same condition as an example 1 about 6 timing measurement, and being stabilized in 
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3 / m2, and hr 25.3m about 2 hours after was surveyed. This high flow rate is the result of using the 
palladium which has high permeability to hydrogen by using palladium as a covering metal from not 
nickel or nickel / copper alloy but nickel or nickel / copper alloy. The flow rate by which after 
actuation of 50 hours passes along the film was uniformly maintained by 3 / m2, and hr 25.3m. This 
shows that the film holds 100% of the original flow rate. 

[0032] Because of a comparison, it is mediation Si02 to the vanadium foil of the same thickness 
about the palladium foil of the same thickness in the three-layer contrast film. It manufactured by 
carrying out a direct laminating, without using a layer, and the average hydrogen flow rate which 
passes along this three-layer contrast film was measured under the same condition. The early value 
of 19m, even to 3 / m2, 14m3 6 hours after hr / m2, and hr, the flow rate which passes along this 
three-layer contrast film decreases steadily next to 0.91m3 after 50-hour actuation / m2, and hr, and 
is Nakama Si02. It was shown that the film which does not use a layer holds 5% of an initial flow 
rate. Moreover, five-layer bipolar membrane showed the average stream flow higher than the 
contrast film so that clearly. 



[0033] 
Table 4] 


m 






% 


5 -m 


25.3 


25.3 


100 


3 -Jg 


19 


0.91 


5 



[0034] Example 5Si02 In order to show permeability with a high layer, three-layer Pd/Si02 / Pd 
compound metal membrane was manufactured. The base metal was omitted using palladium as a 
covering metal. It covered on the 1st page which has the thin layer of Si02 so that in an example 4 
for palladium foil with a diameter [ of 5cm ], and a thickness of 25 micrometers. Next, it is the 
palladium foil test piece of other same dimensions Si02 It arranges on covering palladium and is 
Si02. The layer was made to exist between two palladium foil. Subsequently, this assembly has been 
arranged in the radiographic examination eel, and the on-site laminating was carried out as in an 
example 5. The average hydrogen flow rates which pass along the bipolar membrane measured 
under the same condition as an example 1 were 3 / m2, and hr 31m. 

[0035] W03 used as example 6 interlayer In order to show permeability with a high layer, three- 
layer Pd/W03 / Pd compound metal membrane was manufactured. The base metal was omitted 
using palladium as a covering metal. Palladium foil with a diameter [ of 5cm ] and a thickness of 25 
micrometers is used, and they are about 94% of methylene chloride, about 5% of acetonitrile, and 
about 1% of Si (OMe)4. WC16 in the included mixture By applying diluted solution to the 1st page, 
it is W03. The 1st page top of palladium foil was covered with the thin layer. Si4 (OMe) Si02 In 
case it hydrolyzes, as a binder, it is ******** W03. A much more homogeneous coat is generated. It 
hydrolyzes promptly under existence of atmospheric-air moisture, and WC16 is W03. The thin film 
was produced. Next, it is the palladium foil test piece of other same dimensions W03 It arranges on 
covering palladium and is W03. The layer was made to exist between two palladium layers. 
Subsequently, this assembly has been arranged in a radiographic examination eel, and the on-site 
laminating was carried out as in an example 4. As a result of measuring the average hydrogen flow 
rate which passes along this bipolar membrane under the same condition as an example 1,3/ m2, 
and hr were observed 42m. 

[0036] Mo03 used as example 7 interlayer In order to show permeability with a high layer, the same 
three-layer Pd/Mo03 / Pd compound metal membrane as examples 5 and 6 were manufactured as 
follows. Palladium foil with a diameter [ of 5cm ] and a thickness of 25 micrometers is used, and it is 
MoC15 in the solvent mixture same to oneth of them as an example 6. By making a solution put, it is 
Mo03. The 1st page top of palladium foil was covered with the thin layer. MoC15 It hydrolyzes 
promptly under existence of atmospheric-air moisture, and is Mo03. The thin film was generated. 
Next, it is the palladium foil test piece of other same dimensions Mo03 It arranges on covering 
palladium and is Mo03. The layer was made to exist between two palladium test pieces. 
Subsequently, this assembly has been arranged in a radiographic examination eel, and the on-site 
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laminating was carried out as in an example 4. As a result of measuring the average hydrogen flow 
rate which passes along bipolar membrane under the same condition as an example 1,3/ m2, and hr 
were observed 67m. 

[0037] The compound metal membrane of nickel/Mo03 / Cu/Mo03 / nickel of 85 layers of 
examples was manufactured as follows. The copper disk with a diameter [ of 5cm ] and a thickness 
of 250 microns was used as a base metal, and, on the other hand, the nickel foil with a thickness of 
25 microns was used as covering material. Mo03 The thin layer was used as an interlayer and it was 
made to deposit as in an example 7 on one [ of a nickel foil / each ] front face with a diameter of 5cm 
of two piece. Mo03 They are these [ of the covered nickel foil ] two piece Mo03 It has arranged so 
that a side may adjoin two fields of copper foil. Subsequently, all these assemblies have been directly 
arranged in a radiographic examination eel, and carried out the on-site laminating between 
radiographic examinations as in an example 4. The average hydrogen flow rate which penetrates this 
bipolar membrane under the same conditions also in an example 1 was measured by 3 / m2, and hr 
0.37m. This flow rate is equal to the flow rate which passes along a copper film (the thickness of 250 
microns, diameter of 5 cm) by the bottom of the conditions of the same temperature and the hydrogen 
pressure force. As expected, the full flow which penetrates this bipolar membrane is restricted by 
this copper base metal layer. 

[0038] The example 95 layer Pd/Y2 03/V/Y2 03/Pd compound metal membrane was manufactured 
using the following procedure. The vanadium foil with a thickness of 25 micrometers was used as a 
base metal, and, on the other hand, the palladium foil of the same thickness as this was used as a 
covering metal. It is an yttrium in the toluene which contains HC1 as a hydrolysis accelerator 
catalyst. Isopropoxide Y [O (i-C3H6)] 3 By dropping the aquosity / methanolic solution to contain, it 
is Y2 03. The thin layer was made to deposit on the both sides of this vanadium foil. This Y [O (i-C 
three H6)] 3 It hydro lyzed quickly in the interior of a room of 70% of relative humidity, and the thin 
coat generated on this vanadium. It attained by heating emission of a superfluous solvent, and the 
condensation to the oxide of a hydroxide by argon flowing down, and heating the so-called covering 
vanadium foil at 450 degrees C for 1 hour. In this way, Y2 03 obtained The covering vanadium foil 
was covered with Pd and the on-site laminating was carried out over 2 hours at 700 degrees C under 
the argon of 1 OOpsig (780kPa). 

[0039] Through the hydrogen flow rate, it measured for 13 days to this five-layer bipolar membrane. 
Average hydrogen flow rates are 3 / m2, and hr 16m, when it measures under the same conditions 
also in an example 1 , and this film was maintaining 1 00% of that initial flow rate. These data are this 
Y203. A layer shows that the film stability superior to the five-layer Pd/NiO/V/NiO/Pd film (see the 
following example of a comparison) which contains NiO again is given from the Pd/V film which 
does not have the interlayer. 

[0040] In order to show the advantage acquired from the hydrogen permeability interlayer of 
example 10 porosity, the 5 layer Pd/ahmiinum203/V/aluminum2 03/Pd compound metal membrane 
was manufactured as follows. The vanadium disk with a diameter [ of 2.9cm ] and a thickness of 30 
microns was used as a base metal, and, on the other hand, palladium foil with a thickness of 25 
microns was used as a covering metal. The alumina paper (" APA-3" from the Jill Karr (Zircar) 
products company of the U.S. New York State New York whereabouts) which has 79% of porosity 
was used as an interlayer. This alumina with a diameter [ of 2.9cm ] and a thickness of 0.03cm has 
been arranged on both sides of a vanadium disk. Subsequently, the alumina exposed using palladium 
foil with a diameter of 3.8cm was covered. This compound metal membrane was incorporated into 
the trial eel, and, subsequently carried out the on-site laminating at 500 degrees C using the argon 
gas supply pressure of 100psig(s) (780kPa). 

[0041] The average hydrogen flow rate which penetrates this bipolar membrane was measured at 500 
degrees C using the hydrogen gas supply style of 99.95% of purity of 1 OOpsig (780kPa). Transmitted 
hydrogen was ambient pressure. Early hydrogen flow rates were 3 / m2, and hr 1 1.2m. After making 
it work for 1500 hours, the hydrogen flow rate was set to 3 / m2, and hr 1 1.1m. This shows 99% of 
an initial flow rate. For the comparison, the average hydrogen flow rate which penetrates the three- 
layer Pd/V/Pd contrast film manufactured by carrying out a laminating directly was measured under 
the same conditions, without using a mediation alumina layer for the palladium foil of the same 
thickness as the above at the same vanadium foil of thickness, when [ which is that initial value ] it 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/22/2006 



JP,07- 185277, A [DETAILED DESCRIPTION] 



Page 9 of 9 



decreases after 140-hour operation regularly 1.7m to 3 / m2, and hr and there is no intermediate 
alumina layer from 3 / m2, and hr 5.3m, as for the flow rate which penetrates this contrast film, the 
film holds 32% of that initial flow rate ~ things were shown. Moreover, there were few flow rates 
which penetrate this three-layer contrast film than one half of the flow rates of five-layer bipolar 
membrane so that clearly. 

[0042] Another five-layer bipolar membrane (Pd - 5 Ru/aluminum2 03 / V/aluminum2 03 / Pd - 
5Ru) which has the hydrogen permeability interlayer of example 1 1 porosity was manufactured by 
the almost same approach also in the example 10. However, the alumina layer was formed from the 
alumina filter disk ("ANODISUKU 47 (Anodisc)" from a Watt Mann scientific company of Britain 
and the maid stone whereabouts) which has the thickness of about 70 microns, and the hole value of 
standard of 0.02 microns, and, on the other hand, the Pd - 5Ru foil with a thickness of 25 microns 
was used as a covering metal (Pd - 5Ru is Pd alloy containing about 5% of Ru). The average 
hydrogen flow rate which penetrates this five-layer bipolar membrane was measured by the same 
approach also in the example 10. This initial hydrogen flow rate of an average was 3 / m2, and hr 
9.8m. After making it work for 400 hours, the hydrogen flow rate was set to 3 / m2, and hr 9.7m, and 
showed 98% of the original flow rate. 

[0043] The almost same five-layer bipolar membrane as example 12 example 1 1 was created. 
However, the alumina layer was a thing from the same ingredient as the film in an example 10. 600 
degrees C was used and also the average hydrogen flow rate which penetrates this film was 
measured by the same approach in the example 10. This initial hydrogen flow rate was 3 / m2, and hr 
15.5m. After making it work for about 500 hours, in addition, this hydrogen flow rate is 3 / m2, and 
hr 15.5m, and did not show the fall from the original flow rate. 

[0044] The almost same five-layer bipolar membrane as example 13 example 1 1 was created. 
However, this alumina layer was formed from the alumina cross ("ALK-15" from the Jill Karr 
products company) which has 50 - 80% of porosity, the diameter of 2.9cm, and the thickness of 
about 0.03cm. The average hydrogen flow rate which penetrates this film was measured by the same 
approach also in the example 12. This initial hydrogen flow rate was 3 / m2, and hr 18.5m. After 
making it work for about 200 hours, the hydrogen flow rate was set to 3 / m2, and hr 17.8m, and 
showed 96% of the first flow rate. 

[0045] The five layer Pd/NiO/V/NiO/Pd compound metal membrane of examples of a comparison 
was manufactured as follows. The vanadium foil with a thickness of 25 micrometers was used as a 
base metal, and, on the other hand, Pd foil of the same thickness as this was used as a covering 
metal. nickel2 (OH) It is nickel (OH)2 on the both sides of the suspension made to suspend in a basic 
(pH=12) water solution to vanadium. The thin layer was made to deposit. This vanadium foil / 
nickel2 (OH) Covering was heated in argon atmosphere at 450 degrees C, condensation of the 
hydroxide was carried out to the oxide, and superfluous water was separated. Each side of this 
covered foil was covered with this Pd foil, and the on-site laminating was carried out over 2 hours at 
700 degrees C to the bottom of the argon of lOOpsig (780kPa). 

[0046] The average hydrogen flow rate which penetrates this five-layer bipolar membrane was 
measured by the same approach also in the example 1. This initial hydrogen flow rate was 3 / m2, 
and hr 1 1.3m. After making it work for about four days, the flow rate decreased to 3 / m2, and hr by 
0.6m, and showed 5% of the initial flow rate. This result shows that the film in which a stable 
hydrogen flow rate is not shown is obtained by using NiO as an interlayer. It actually turns out that 
larger stability than the film (see the example 4) as this which does not have this middle NiO layer 
about the hydrogen flow rate with this same compound metal membrane is not shown. 
[0047] There is no intention that the vocabulary and the expression which have been adopted on the 
above-mentioned specifications are not what used here for explanation and was used for limitation, 
and eliminate the equal object of the description indicated and illustrated by using such vocabulary 
and an expression or its part, and the range of this invention is specified and limited by only the 
claim. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of an example of the compound metal membrane for hydrogen 
separation of this invention. 

Prawing 2] It is the decomposition sectional view showing an example of an approach which 
manufactures the compound metal membrane for hydrogen separation of this invention. 
[Description of Notations] 

10 Compound Metal Membrane of Five Layers 

1 1 Base Metal Layer 

12 Microporosity Interlay er 
12 ? microporosity interlayer 

13 Covering Metal Layer 
1 3' covering metal layer 

14 Graphite Gasket 
14* graphite gasket 

15 Stainless Steel Press Plate 
15 f stainless steel press plate 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
[Drawing 1] 
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-x^f#^g^:oF B ^^^fcv^T r^^gj Sram-r-s. 

^tcilTL^n-S^S-efe-S. LA^L, (1) ^y-)A 
(2) 7N'7 v -7 A JTJl/^ h; A^©ffltA«^JlS«tj J: 

* t±/ < 7 A^oM©*?gjjHfl5» ftaat- * c <t 

BBi-eUtt <> tfL ^(c/n*7 y^AJ fcl±/<7y ^7 A 

[0007] *5BB^©BWt±x «e3fe©**aatta^ 

Bi-r * 58s & « tt-r * c <t J- * * . 
[ooo8] *56HB(±7K^^a#. *mm'&T~fr~o<g 

tpfflfgiz «t 0 »BI$ ftfcimStTKfftigiStt&S&B^ 
fiEO , fiL*^ei±!Ss6#/j:^B*fel±^B^-ei±^ 
<> «JH»fROKT^-37K*ro?METT?> 7K^^^P£:L- 
l •> fc H^<- x ^B £ (ilgS^B t RJS L T7K^ 
50 ^2»tt»*JBJ5R L*l^5R*-eJIW7¥W(=S?S-ejfe4. 
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5 

[0 0 0 9] ■T^Tcoa-&Bifc<tO ; ^c7)«jSJili7K^*' 

*-r-S»^^l4#X^I«©JgJM!|^fc^T. -$1-4 0 

0 t;^±co^KT-, ^07K«55-/Et-M LTRcD^-j&lim 
fflijic is if vKHltfJlT-fgBi S -a-. 7KH Srtl^ffli *^ 

its s^w^a^-a-. a»LA:7K*s:'i5Uft-r*it 
^e>«*(«£*atc«fc o/K^^ffico^x t^-gi-r^coicffl 
v^itm*. ^i±<4 o otccosik. ^j^.tfigH 
isa (or~5 o°o -e&TMs&iffiRtoteaa-*-*© 

SH5 2 1 7 5 0 6^lZffi*t!tlT^Z£ltS;7)<.mftMfe 

(ctw^T-*^„ «-&ii©**a*?tti4s*i?, 500 

psig(7. 03kg/cm 2 V) T*is 0 . 0 0 

1 m 3 /m 2 • h r CDgSg ( f 1 u x ) 1 0 0 (DM 

[ooio] *iSB^©a-&jwi % wtjKiojfefrT-ese 
KicflE^HKiaaffiizfe^T^ soot, n 

HSJST- lOOpsig (7. 03kg/cm 2 y- 

v) <D7nmm&mmmi-zm&. i o otr- 1 o ob# 

ra. 5 0 0tfl 5 0 OB#p B ^i-rcoa^fFB#p H 1(CMo 
T^coft^jro^»coa 2 0 96 4. ii^tJ: 

piroiiio^-^y ?/k±. ra»j#atsin B. in 

B, IVB, VB. VIIB:fcJ;l/VIIIB^©7kfga®l4;i 
; TK^JHSttv K&JS ; i> «fct>*±ie^JS* 
S2 0M%#W1-£7KJ^^tt^&^t>;ii(£*U 10 
~ 2 5 0 5 ? a t-T-S -5. 

[0 0 11] *ffl&J*t±S!>ft< <h*>4 0 0 °C <7?iSjer*f b 

»K VIIBtiJ:0 ! YIIIBfil©»»&«*^a 
WffiK, gt»*L<(4, Fe. Mn, Ni, 
Pd, Pt, Rufc«tO f ±E&K*^ 2 0fi»%#tT7K 
*»ifitt'&&TN 0. 0 1 ~ 2 5 5 ? a >»JP$ T-ifc 4 

[0 0 l 2] 7K*ti*HIJl *»r»rSS 

(±. ^ 4 0 0 1 ~**J 1 0 0 0 t <7>®H<7)SJK r-^-x ^ 



(4) ¥fW¥- 7- 1 8 5 2 7 7 

6 

tcfcl>Ti^ lOkcal /=&7UJ: r>/hT-&4#)it. {b£- 

fct±**-f *>©aaits:. <b^ 

4&fctt*-f*. #3G8»*d< r=&L<<6Tj -r 

^ttt, ^•&JK©7KH*tf:{±7Kfg-l' *>jia^A«l 0 0 
ps ig (7. 03kg/cra 2 Y— v) (Wkig/ITJ 
cfctf&M 0 0tl^±T-&&^\ i&l 0 0 OTCtOfiS^iB 
Sf8 1 0 0 B#lffltifl^fifcJCDffiCD 8 0 %«fc 0 £ < i&T 
-T-scfc&jfti*-*-*. ftlztpfflmii. mfttkft (4 0 0 
-10 0 OtcDtSBcDiaS) T7?7jc^ic«fc-S^*fel±^ 

20 [0 0 13] iflfflJli:LTfflO*©{ca-r*4*«*aS 

m&m<»m iiib, \vBis£zfvBmfrz><D7nmm&& 
m&&m<,±mm'msk<»m vi i b ts^x/vi i i^coyK^iiii 

l±T;u;- r >Aij<tT/'!r'f'Sco^fb^l-e*)-S.co i L 
**&Ut±, ft*W*P B ^g(±. 7>^-K^J5. x*> 

AfcJ;t>'— ^-7'co-r-^TcoM'fb#)t5J;0 J ^'fbii% ; ^-f* 
C7>^b^t>«fct>^b^l ; ^^>. -^-y. /<tv?i, 

[0014] *P B 1S(± 0. l~3 0 0 ;?a >©Jf $ i: 

[0015101 (3^-X^SB 1 1 , 2J1<7)M?LM4' 
PsIJl 1 2*>J;t>*l 2' Ml>*tc 2 Jlco^S^SBl 3fcJ; 

t>* 1 3 - zm *.& 5 i o asmmtm-t. 

50 cppsiji fc ct u^s^ks «: . n-e*n 211 2 «fc r>* 1 
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2' Mt>*ic 1 3fccktfl 3' T-7Ts-fi)\ -zn-etKDM— 

1 3' (± 2*fctt 3 m&L±<D@frt>mtfitZZ tfc-et 

[0 0 16] *^ w «^MM»iaig(± 
fcJ:7>*J±,3£fflo.i>J»B&. mifi^f&ioffi ; (2) n 
-;U ?7'yK; (3) ; (4) fb^- £ liT"^ 

L- < tittf^fbS^frifi^W/^itcJ; 9 itJ^-T £ £ i: 
^r*t^»o 0 2 ii&ft/)±#«B?*KJ:£S!£^£El5£t- 

^-f, in 2 i^bh^ei i izTr^ms&mmz ftMLT 

2lc^*77r-l' I- 1 4fcit>*l 4' MtfKX 

TVUXXf-^UXSl 5fcJ;t>*l 5' ^"f. ^7 
7 r -f h #x^ 7M4 fc =fct>* 1 4 ' ti^B'tiM^M 
(cB§$n£©£MjhLT^btcttLT<£S-r-5>o 4>IWJS 

SU\ Sffc*J©*&teli, ^-x&StigKbtj^Wmi 
IEtl«. #RtfS i C 1 4 (£/ct±^J£fb7kjgM<7>M*« 
itSi (OMe) 4 ) , WC U eUliMoC U 

rttzitmwzj: <ommL, <^^t^d*» 

l?LTM<t^5r?fM-r^o nJcWiS/cA 1 2 0 3 Bti 

Yb"#~-5> Ztizj^<0 ffM-T -5 ^ i: *<"?? # •?». &mMM<D 
*&t=M\ ^-x^JS^Jftt^b^x. M;U£^b7k 

mmmn, mifwc i 6 . moclsksvci 

3 ro?^K$r«^. x f ^ > l < naaie i o . iga 

mm<ommt tzit^m ©^-x&js^©?* v xvit 

« £ fc li^S tc J: & ;£&T* & -5 . 
[0 0 17] 

[Hjfcft] 1MT. *^^H«EFiJi^J:0SiB^^ o 

/N'ty^A^-X^Il^l^Oli^S i o 2 B 
T-^SU MS i 0 2 15:Jf.lc-7y;H-!?SlLT 
5IN i/Si0 2 /V/S i0 2 /Ni ii^&JS 

§t£. &.y(Dmu i km^tm^.Ltz <> m&&5 cm-?* 

tz 0 &z&2 s ur- T)um&&mtmtLrm 

[0 0 18] ms&iMmzsii&i-ziz&tzr)^ S i C 1 

4 zmttrisyimMLtz l M^(cSvSrvN*^v^ 
AT'^x^$ra«-r^ct(c c tt9 N S i 0 2 StB^-T- 



(5) 1&m¥ 7 - 1 8 5 2 7 7 

8 

-^^AT'^x^cDWfflijt-ajft^^-y-^o m^^u> 

mmtfMM-t&izU^x^ SiCU tiT^Wtf^ktf© 
??fiTT^iiiciD7K^P$ ia. jWHj 2 5uf*^S 
i 0 2 S i 0 2 ii^ty-)At 

' orBKcS^ffgA^H^^nfco Jfcfc, E12 t-TjrTJ:-? 
S i 0 2 tSlLfcA'ty-Jif^X^t-'y^ 
?§<!: £ 7 0 0 1 2 0 0 0 0 K (9. 072kg) 

(D&fiT-eiftwmmisxm&R&wkLtz. z.<d±o 
izLxmmzntzm'&mii*jm&-e&<o . wa^^ir 

[0 0 19] ffl'&BtfcjS* 3 ! 2 ^**^*, 1 0 0 p s 
i g ( 7 8 0 k P a ) <7>*fiJE 9 9. 9 9 9 %©7kSI#x 
<K*&8K%fl3i^T, 7 0 Otlcfc^TSH^tfc. GgiilTk 

•v y ;u?g £ 111— ©IP $ CD / < ± v ^ a 7* -i x ? ± izfrfe s 
i 0 2 Ji£Ri^*££tt<iWg8W^*££(=J:»J8l3i 

^l/-c 0 5 o mMfmniimtitmtzn-rwEfamtit 

£ (m 3 /m 2 • BtRSD 1 K^TT. 

20 [0 0 2 0] 

[in 



fit 




fit & 
(50I$H%) 


% 


5 -Jf 


0.9 


0.6 


67 


3-Jf 


0.15 


0. 006 


4 



[0 0 2 1 ] cro5S«^(-HBLT. *3RJg«tt»c» 

mT-*0. 1P$^2 bti-?$>& — -y^^Sra-Sfg^K 
X%S(i0. 9 m 3 /m 2 • B#|HjT?*-3fc) . 

W«ra4aaj»KS:iB>t*ct*«-^#/j:^fc4{>. Ni/ 
S i 0 2 /V/S i 0 2 /N i M©--y y;u»§to<£# 

[0 0 2 2] C©Htt50!|3ft<*-rJ:-)^ % ipfflS i 0 2 B 

^w-r-s smm^&mmi*, 4>ias i o 2 i^wlw 

40 7%^UnLfz) &7jkL^ ZtlliS i 0 2 ^HBA* 
[0 0 2 3] 2 

7BN i /Cu/S i 0 2 /V/S i 0 2 /Cu/N i 
«£&KUt*JaT© «fc -5 t»Jfi L-fe. Bli^* 5 c mT& 
9. 1 5 2 u^Si^/^y^A^^X^^-x 

^SBt LTffl^fc. 153** 3 1 ut*$^2IN i /C 
ufg (6zz©N i?Si2 5 u(OCumt*mm-fZ>z\t 

iz£<ommLtz) zmLWwtLxm^ m&mMtfr 

50 ^fy^Afay tN i/Cui 
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mtawian^ (^2 5 i«) s i o 2 mz<pmmtLT 

MMRK>mHC 1 Z-atS* 9 J-MZS i (OM 
e) 4 1 M^fc/^i^AT^X? (CleJte 

^•r-SdttcJ:*), c©*r^)15rii«Ufc 0 S i 0 2 

0"J1 i:(i(?f5]#(cLT«@L. CutJSrS i 0 2 BKB 

[0024] zozdizvTUi&ztitzm^mzmzw- 

tz&iz^ m— ©JP£tf>N i /C u?S£|W|— <£>J¥$(7D/\*-t- 

y^Af^^ic/rfis i o 2 H5rffli^<i a 

7j<«^»^|sl-^#TT^iJ^t/-c. 7 2 BfraSHmroifcli 
m?r^T^2 tc^-To 

[0 0 2 5] 

[312] 



m 






96 


i-m 


2,4 


2.4 


100 


5-j§ 


0,6 


0. 06 


10 



[0 0 2 6] mthfrtitkilz^ Cu tVttDffllzS i O 

[0027] mmm 3 

5JgN i /^{kV/V/^tV/N i t^^IK^J^T 
(^■M-SijiLTc. it®** 5 cmT-fcO. SSA«1 5 2 

— #JP3*<6 i*T?*4N i UTffl^fc. 

^X?5:30psig (234kPa) ©H 2 SC70 
Ot-ei 0 Ctti J: 0, £ £><Wl8J§ 

v-)i»^X> © ffiffl'J tcffM L fc. 5R<t/ ^^Afi: 

<^(C, gft/N'ty^AT-aiLfcA'ty^Af-fX^t 
N i fit * 7 0 0t 2 0 0 0 0 K (9072k 
g) ©BEaT-?4l5IW8WLfc. 
[0 0 2 8] £©«^K£«*¥i97K*8K**:3l*te0<l l 
iP*©#ft-e»£U |5l-WlP$roN i ©JP 

2??AJl«;ffli,N4c mnt J: QSUt 
Lfc»M©3SM*»4¥i9*fK^fcit«Lfc. 5 0 

[0 0 2 9 ] 
[313] 



(6) ftfflW- 7 - l 8 5 2 7 7 

10 



fit 




Ml S 


Stf 


5-JB 


0. 062 


0. 04S 


74 


3 -Jf 


0.14 


0.004 


3 



[0 0 3 0] IbWioi;, SKt/^S^AifiUlJlfc 

LtztiK 5 0B#p B ^(c(i. <Pffl1EZmLT\,^\,->ttfc-t 
10 -S> 3J1N i /V/N i 1 OfSJ; O^iVvKIS 

8S{fc/<:T-:^A*HIB©#J|6««te*«S i 0 2 B=fc9ffi 
l>fcfe, HJfe^J 1 ©fcOJ: <9{£*^/=o ) 

[003 1 ] m&m 4 

5IPd/S i 0 2 /V/S i 0 2 /P d&^JSM* 
&0)J:ilzLxmMLtz o mm 5 c mfcJ:t>*J¥$ 3 0 u 

2 SymfflA^y^Ag^ItlltLTffll^ Si 
0 2 ©W»«:4i|aiSi:LTffliNfc. S i 0 2 Mlt, Pd 
20 ^W<£> 2 owli 5 c m^>t ©-tn-Ftiro 1 * 
-fPdOSffii^MSRfiWHCI «r#t?j»^y— /KZ>«tR 

fM*tx©Pd*ffi^l;iS$n4^fS i (OM 
e) 4 &SST-f -5 :tt: J: 0 it« $ &tz ; *m7K#i:tf> 
KfSKJ^S i (OMe) 4 0*D7K^(c J: (sS 
2 5 wm) S i 0 2 B£f#fc 0 S i 0 2 SIP d?Itf>2 
-?<75|iUg^r£S i 0 2 IfflTCA'ty^Af-f X^cd^ 

±(-IHSL-. Sl^i^l: lOOpsig (780kP 
30 a) ©^ME*fflOT7 0 0tT?aiLriill«; 

frTtc til? 6 B#P B M'JS U m 2 B#SJ*U: 2 5. 3 m 3 / 

/M^&X It t£ < „ =. -y >7" ;U £ fz It — V T «fc 

•) 7K*tc*f l x i m-t& 7 v -y a %fem l 
tz&mx'$> % 0 50 mfflomff&x $ ^. , m ?ra-5> stts 

(42 5. 3mVra z • hrT— S{C«ti#S tltz. Ztllt 

mw^ta<oMv> i o 0%&®.ft-rzztZ7jk-tb<z>-? 

40 

[0 0 3 2] Jt«©A:A{^ 3B*fMffii£. |S|— J5$© 
/^vv-yAfS^ISI— JS$©/<+s;^Affi(^ftS i 0 2 

<D 3 B^t^K^a^SSSli^Oll 1 9 m 3 /m 2 • hr 
6 BtP^ro 1 4 m 3 /m 2 • hrtc*-^. ^(c50B#p B 1 
Sftt©0. 9 lm 3 /m 2 -hr*T^H(w^L, * 
PbIS i 0 2 »&ffl^fc^Rt±*0ffl*S*©5%ro*«:«J# 
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(7) 



t#P*1¥ 7 - 1 8 5 2 7 7 



11 



12 



[ 0 0 3 3] 
[*4] 





ft 3 


ft St. 

(5o#ia»> 


fcjffiftfi 
% 


5-B 


25.3 


25.3 


100 


8-B 


19 


0. 91 


5 



[0034] nmrn 5 

Si0 2 H©JKi-»iSatt*^fc«>Kx 3IPd/Si 10 
0 2 /Pd«^II5:SlWc. 
mtL-cm^, ^— X^Ufc^fBSL/c H5cmfcJ: 
L>W£ 2 5 ymffl/^ A?§£ s RSfeW 4 IcfcttS J: 
•9tc. Si 0 2 ©SB£W-r& lI±C*il/fc. ?W= 
teroR-^ro'^i^AtiSaBJTrfcS i 0 2 81^7 
5?«>A±t;:E«LT, S i0 2 B£2-?©/-?7V'7At§ 

»t±, 3 lm 3 /m 2 • hr?*^fc. 20 

[0035] mmm 6 

4>PeOB£ lTlv^5W0 3 g©«^a;&l4£7jvt/c«> 
IC, 31Pd/W0 3 /Pdl^MI^Lfc. /,? 
7v>/-A£&S&Jg£ LTffllV ^-X^B^^BSL 
/c. i»£5 cm*JJ:tf«S 2 5«mtfVN-vv^A?g£J3 

tsJ:tf*51%©S i (OMe) 4 ^tfl^ft^roWC 
le lHizSWWSC W0 3 ©» 

lia-pT/^y^AiOlIl^WU:. Si (O 
Me) 4 ti, Si0 2 KiP*»)!l**l*i»2, te-^fflt 30 
LTti/c^TWOa ©— JPiM«tWll*4ja+*. WC 
1 6 t±*m7K#©#*E~F KiS^ * 1- ira*»W L T w 0 3 © 
S)p££i:/co &t;:fte©lR!— ^©-' ,? 7'v"7Afg|^Jn 
£W0 3 Sa/N'7v^A±lziHaLrW0 3 B£2o© 
/^y'JAiffllll^^^ ^-^©T-feV/U 

t |^— &fl=Tfc«l£ L /c*£S> 4 2 m 3 /m 2 • hr#« 

si$n/c. 

[0 0 3 6] 15*017 40 
tpfflmt LTffli^M 0 0 3 B©i^t^*|4£7r;-f 
[C. HJfeffil 5 33^^6 ^|5]^©3BPd/Mo03 /P 

r_h*Jp$ 2 Bumffl'^y^AS^fflK ^©lffilc^Jfe 

t|3]-©«fi^*©MoC 1 5 
^UttCcfcrU M0O3 ©Iii:J:oT^7v^A?SW 
lI±5:SlUfc. MoC U l±*Sl##©#fcTi;:i8 
WI-iP*»)SLtMo03 ©«£££)?£ L/c. 

©iii— ^ra© / < 7 v"? a ism*)* * m o 0 3 < 7 y 



^ a) rate $ -a- /c . ft^-e£®7*vy'J«; 

-b ;H*] Icffig L > HflS^J 4 £ is It -5 «t o tcSitiiiB L 

/c «^«*a*¥i^**s»*5aMf<i 1 tra-*frT 

t^fl'J£L/c*£*. 6 7m 3 /m 2 -hrrt<«*3nfc. 
[0 0 3 7] ^Jte^J 8 

5B©N i /M o 0 3 /Cu/M o 0 3 /N i (OWa± 

$ 2 5 0 5 ? n vcafif^ X ? t IT® 

ffl U — 25i?P >©->y y;H@£&3Wf4£ 
LTllfflL/Co Mo0 3 ©SB^WBi: LT.'SfflU 
H*teW7 tfc^SJ:^^ ilS 5 cm©— -yy;H§©2 
-p©k'— x©#^©— /3©^ffi±l-ii8l$-*^. MoO 
3 &&5L7C— v 'rfrf&oztib 2 -?©£— Mo 
Oa ©llfl#^?§© 2 o©B(c|?|ji-f Sio lzffiW.l<tZo 

gL, HJfe^J4 (w*5lt-&«t-?(c, 2iIlit®s©Rfltcgi*§« 
B L /Co fSffe^J IKittifcH i;*ftT"P - ©M^IK * 
mM-t^W-i^ym^m.*. 0 . 3 7 m 3 /m 2 • h r r 

T-effi^ (JP£ 2 5o;?dv, 1S5 cm) 

Mtc^LC. ^W^/c^otc. ^©f^-X&ISBt- 

•So 

[0 0 3 8] fSNSffl 9 

5BPd/Y 2 0 3 /V/Y a 0 3 /Pd^^JSK 

v-yAfg^-X^Bi: LtftfflL, — jjztitmvm 
$©/^v-7Arg^»M^St l/Tftffllfe. iD7K»P 

^A yyD*+-> FY CO ( i -C 3 He ) ] 3 & 

Y 2 0 3 (DBS*. C©/N*7-v">A?g©Mffi!l(-iiflS 
$-a-/c. i©Y CO ( i - C 3 H 6 ) j 3 l±> 

7 o%©ap*3fi^itciP7K^')S$4T. N i©/<-7-v^A± 

t^^SP^^LfCo ilfij©-^©ttd3i:> 7m<\M 

/N*^-v>>A?g^ 4 5 o'er- 1 BtPaWn^-r^-it-J;^ 

T, »figb/Co iTLTt#WcY 2 0 3 S^n't-v-/ 
Afg?rP dtiotilL, lOOpsig (780k 
Pa) ©T;U3*>TT*7 0 0t-C'2m?^zhtz^xmm 

mm Lfc. 

[0 0 3 9] ^ -© 5B«#Kl-fflLT 1 3 

L"^#T-eS l JSL./c»-&tc 1 6m 3 /m z ■hrt^ 
9> -©JBitt. -e©?DWS5S© 1 0 0%?:»Lt^ 
/Co ^©f-?^ 3©Y 2 0 3 IWF^I^f L 
tO^Pd/VlJ;i), */cN i OZ-am-TZ 5BP 
d/N i O/V/N iO/Pdl (TfB©JtRW«r# 
M) =fc 0 @n/c^Sit?:#-^-f ^ - i: Sr^-T. 
[0 0 4 0] 9QfeH-l 0 
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(8) 

13 

5lPd/AU0 3 /V/Ali 0 3 /Pda-& 
t>*ff£ 3 0 5 ? d >»A*tv ^ ^f-f X 7 ^^-X^l 

tLxmrnt, -ismz 2 5 5*n>©/<?y>>-M6* 

tlMtLTffifflLfc. 7 9%©«?UP£*-f *7A- 

- (Z i r c a r) -/a r AP A — 
3J ) 5;ffi|iLtffflU:. B&2. ScmfciU 1 
JS£0. OScmffliOTJ^ti^'fy^Af^? 10 
©MflMt-BESLfc. itS 3. 8cmtf>^7v*y- 

Afg£teMLT&fflL7cT;U^&#aiLfc. 3©^ 
£JSB!£> WR-fe^fPifi*^** &^ T * 1 0 0 p s i 
g ( 7 8 0 kPa) ©7;^v#x^ffA?:flL"r 

5 o otx-mmmmLtz. 

[0 0 4 1 1 z.O&SIR&i&j&tZW&frXft*** 1 
OOpsig ( 7 8 0 k P a) ©*£K 9 9.9 5 %©* 

#*l±JSfflE#-e*^fc. «!J»J©***E*t± 1 1.2 m 
3 /m 2 •hrt$- 3 fc. 1 5 0 OBSnHMIS-frfcflfc 20 

7K*^l»l± 11- 1 m 3 /m 2 • h r iztt^tz. Z 
m±«08B^«©9 9%^/n-To JtR©**^ HUlBtH 

\z.x -5 mm. Ltz 3 a p d / v/p djflnuitaaw * 

aJli-saUItt, *©*UJIIMrc** 5. 3 m 3 /m 2 • 
hrfrt., 14 0 B$IW*«&© 1.7m 3 /m 2 • h r 

*^©150W^S©3 2%<DfrZ®ft-?Z>ZtZ£Z7rsl, 30 
re. ^^ttiii:, £©3Ji**flaBt£ai«"*"* 

8K*(i. 5 B«^K©^S© 1 / 2 <fc 9 fc^fcfrofc. 
[0 0 4 2] H«E0iJ 1 1 

|?ftSS©7k*^44'raB£«-f£8']©5JB«£-!g (P 
d— 5Ru/A 1 2 0 3 /V/AU 0 3 /Pd— 5R 
u) «\ fUfcflfll Ol-tJ^-StH^PU^T-S^L 
fc 0 fe/;U **)7 0 5 ?D'/®| $*5«ttf 0. 0257 

(HS> ^ h-V/freE©?'? h^? > ■ t-fx'/r 

^-fyi'lifrbO ryyf-fX? (Anodisc) 4( 
4 7 J ) A^7;^tI«L> -£JP$ 25^a 
y©Pd-5Ru?SS:ttafcfeRfcLTflyBLfc (Pd— 
5Ru(±> »5%roRu^fft^Pd^t-ife§) . 

li 9 . 8 m 3 /m 2 -hrTfcofc. 4 0 0^W1$ 
-tfrfc&i;:, 7kStSS*l± 9.7m 3 /m 2 • h r left •) . 
^SJ©Sifi©9 8%£^Lfc. 
[0 0 4 3] Htfcffl 1 2 
fgfifeOT 1 1 C 5 JUS£BS&fBi!t Lfc. fctf L . 5 
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©r-fe-pfc„ ^©Ksraifl-rispi^K^aja*^ 6 o o 

t fcffl^fcflSttWMI 1 0 life It* fcE LJ£8rPSI£U 
/•Co C©MH7kSI«fi*l± 1 5. 5m 3 /m 2 - hrffc 

*^5o otiffflmmts-tttzmz. c©**«ft«ttft 

33 1 5. 5m 3 /m 2 -hrtfeO, ^£0©8iiSfr£© 

[0044] mum 1 3 

HJfe^Jl 1 tm£mV5 3W.aWi*ftf8.^tz. tztzL^ 
0 ^©r;U5-^Sli. 5 0 ~ 8 0%©«?L*i:. 2. 9 c 
m ©ESt> ^0. 0 3 cm©JS£ i£*rf -5>T;l^ 
y-ax • •fvytVQfrhto TALK-1 

5 j ) C©R«:2Kli"* s l i **K*8K* 

nsfe^ji 2 t£*s»*tni;*ft-eaB£bfe. 

WY~m.^M.\± 18. 5 m 3 /m 2 • h r Xfo-otz* fjfj 2 
0 OBtlHJS!»S-&:te&^ **8ft»lil 7. 8m 3 /m 
2 • h r t-ft 0 - *&J©8iiS© 9 6 %%7fi Ltz. 

[0045] nam 

5iPd/N i o/v/N i o/p dms&mmz. <x 

20 ©J; 9 1^ LTfiSl/fc, J¥£2 5 J um©/^-7-v'yAfS$: 

^-xMtutffli, -fsztitmcmtsopdm 

^tf^ItlTftfflLfc. N i (OH) 2 
( P H = 1 2) ©*»»4«K»S*-Sfc»»«* % ?'x /N * 

•i-v^^©sffl±t-> n i (oh) 2 (DmrnzmMtsit 

tz 0 CW/^v^Afg/N i (OH) 2 &££4 5 0t 

s-a-. ia*ij©7k^JSBi$-*/=o ^©«a$n^c?g©#® 

&«1©P d?S(-J:-5TMaL. lOOpsig (780 
kPa) ©T^n'vTK 7 0 0°CT-2B#P^(C^rc0^i« 

30 IILfc. 

[0 0 4 61 £©5»«-&K*a»*-* 5 F15#*86* 
Sr. ^*fe^'J 1 \z.&tf%,tmvl5&-zM'g-Ltz. zmtnm 
7K*»?L»t±. II. 3 m 3 /m 2 • h r T-feofc 0 4 
0IHIS!»S*A:au. 8tt«l±s 0. 6mVm 2 -hr 

mtLXN i 0?:OTt^-tiaoT, ^ft**Sft 

^WMti:. 7k«eS*tcMLTt±> c©"^P B lN i 0«5r 

flun^^ntHi;* (iiifew 4 4r*n) .tot* 

40 H>$£tt4S*<H-^i:^4« 

[0 0 4 7] ±ai©B^ffl»T«fflLr^/-cBBfcJ:0 ; * 
gil±. Ciftt, ^(D7cfe(-{£fflL/ct©T**)c»T. 
K^©/ifel-ffiffll-/c^©T*l±ft< . ^©.toftffllgfc 

* **Mrt" * ^ *H « 

ft<. *%Bj1©»5Ht±. !ttl^FM*©KH©^t-<t^T^ 

m 1 ] *5IBflcD7k^llffl«^JlK^-^ ro »fHEl 
50 T'fc&o 
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[0 2] #3giH©#*#«ffl«^UM«:«jS-f*£«* 1 3 

<r>— m*7r<tftffi%mm'?$>z>. i 3 

VF&amn 1 4 

1 0 5 mv&^&mm 1 4 ■ 

1 1 ^-x^Il . 1 5 

1 2 ftTLKctylMI 1 5 ' 

1 2 - mm^mm 
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